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1 . 

This invention relates to liquid treatment and 
particularly to the removal of sludge and other 
solids from clari?cation tanks. 

It is an object of my invention to provide im 
proved controls for the removal of solid mate 
rial from a clari?cation tank. . 
Another object is to provide such a control 

which proportions the sludge removal to the 
amount of sludge settling. 
Another object is to provide such a control 

which insures the withdrawal of the precise type 
of material to be withdrawn, especially as to con 
centration of sludge and the like. 

Another object is to provide such a control 
which prevents the removal of excessive or in 
su?lcient amounts of material. 
Another object is to provide such a control 

which is automatic, which requires a minimum or 
readjustments, and which is easily maintained ' 
in good working condition. 
Another object is to improve the results of 

clari?cation by an improved control over the re 
moval of sludge. 

Still another object is to provide such a control 
which is simple, economical, and e?lcient. 

Still other objects will appear from the detailed 
description which follows. 

In the drawing, Fig. 1 is a side elevation, partly 
in section, of an embodiment of my invention. 

Fig. 2 is a diagram of essential control elements 
used in the apparatus of Fig. 1. 

Fig. 3_is a view generally similar to Fig. 1, but 
showing a modi?ed embodiment. - 
In the clari?cation tank l0, sludge solids settle 

in form of ?uid material both upon. the lower 
bottom I I and elevated bottom or sludge concen 
trator l2. The‘ sludge settled on the bottom H 
is concentrated, thickened and collected by the 
sludge scrapers l3, while being scraped into the 
sludge sump M. The sump is connected with the 
outside of the tank by a pipe IS. on this pipe, 
there is interposed an automatic shut-off valve 
l6 and also a manual shut-off valve H, the two 
valves being in series with one another. Simi 
larly sludge is scraped from the concentrator l2, 
which may be annular, by scrapers it, into a 
sump l9. 
side of the tank through a pipe 20 having inter 
posed thereon automatic and manual shut-o? 
valves numbered 2| and 22 respectively. Both 
pipes I5, 20 discharge by gravity through a com 
mon outlet pipe 23 leading to a drain or sewer 24. 
The common outlet pipe 23 has interposed 

thereon an ori?ce 25, or any other means to 
derive from the gravity ?ow of sludge a pressure 

This sump communicates with the out-' 

i 
2 

differential or some other function which varies 
in accordance with the velocity of the how. This 
differential or other function is applied to control 
the automatic valves, as follows. 
A differential responsive diaphragm 

clamped between the ?anges 21 of two shells 23, 
forming a hydraulic actuator 29 with a high pres 

- sure chamber 30 above the diaphragm and a low 
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pressure chamber 3| below the diaphragm.‘ A 
hydraulic lead 32 connects the pipe 23 on the up 
stream side of the ori?ce 25 with the high pres 
sure chamber 30, while a hydraulic lead 33 pro 
vides a similar connection between the down 
stream side and the low pressure chamber. The 
diaphragm 25 is adapted to reciprocate a rod 34, 
which extends through the upper pressure cham 
ber 3|) and through the upper actuator shell 28, 
the loss of pressure fluid being prevented by means 
of a packing gland 35 installed in said upper shell 
around said rod. A spring 36 is so installed in 
the lower pressure chamber 3| as to tend to raise 
the diaphragm 26 and rod 34. The pressure 
differential set up by the ori?ce 25 opposes the 
spring force, and overcomes the same when a 
certain magnitude of the differential has been 
reached. . 
The top of the rod 34, on the outside of the 

‘actuator, carries an electrical insulator 31, which 
in turn carries the pole 38 of an electric switch 39. 
The combination of the actuator 29 and switch 
39 may be designated as a differential pressure 
switch. This pressure switch is diagrammat 
ically shown as a single pole, single throw, double 
break switch, of well-known construction. 
The automatic valves l6 and 2| are adapted to 

be opened by an electric starter 40 and to be 
closed by the pressure switch 23, 39. For this 
purpose, ‘the valve l6 isself-opening. It com 
prises a movable valve member 4|, associated 
with an interior diaphragm 42, which diaphragm 
is continuously exposed to line pressure on the 
underside, and tends to raise the valve member 
and thereby to open the valve. A bonnet casting 
43 is clamped over the outer flange of the dia 
phragm 42, whereby. a bonnet chamber 44“v is 
formed above the diaphragm. A pneumatic ‘lead 
45 connects this bonnet chamber with athree 
way pilot valve 46 which is so arranged that the 

' lead 45 and bonnet chamber 44 can be connected 
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to a source 41 of compressed air, or to a vent 48, 
depending on whether the pilot valve member 49 
is raised or lowered respectively. This member 
49 is adapted to be raised or lowered by a rod 50, 
controlled by the armature 5| of a pusher sole 
noid 52-; the solenoid being adapted to push the . 



’ relay switch 69. 

' (not shown) ‘keeps this switch closed after de- . 
> energization of coil 63. 

3 
rod and valve member downwardga compression 
spring ii-A being interposed between the arms;v 
ture and rod to protect the latter.~ The solenoid 
iorce is opposed by a spring", which raises the 
valve member, rod and armature when the sole 
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solenoid 31' of valve l3, 

4 
conductor 12, and ground 

. e L-'-2. Thus the momentary starting circuit 
1 and latch-in mechanism result in a maintained 

hold is die-‘energized. Accordingly, the source of - 
pressure is connected-to the valve bonnet except 

_ on energizing the solenoid, and the valve l6, while 
being self-opening as described. is normally 
closed in service. This valve i3 is open only 
when, and so long as, the solenoid 62 is energized. 

10 

The internal arrangement or the-valve 2| is . 
identical with that of valve l3, and both valves 

power circuit L-i, 10, 63-, 1|, 62, 12, L-2, ener 
gizing thepilot pusher solenoid 62 of valve l6, 
lowering the pilot member 43,- and opening the 
valve i3. ‘ 

The valve 2] is similarly opened by a power 
circuit including, instead 01' the conductor 1|, a 
conductor 1I—A in parallel therewith, and a 
suitable ground wire connection (not shown). 
Both valves I 6, ‘2| are open so long as switch 63 

'_ is held closed by the latch-in mechanism. have identical pilots 43 for electric control over, _ 
the pneumatic pressure adapted to operate the 
valves. This pneumatic pressure, of course, is 
greater than the maximum line 
expected in the valves. 
A source or electricity 64 provides current for - 

circuits controlling the pilot solenoids oi’ the 

i5 

pressures to be p - 

20 
automatic valves. These circuits are branched oi! - 
from the usual “line” conductors L-l (hot wire) 
and L--2 (ground wire), connected with the‘ 
source 64. The circuits are associated with the 
pressure switch 23, 39, and in the starter 40, with a 
timer unit 66, a latch-in relay 66, and a time 
delay relay 51. Of course, the electrical leads be 

. _ 33,- results in a valve 

25 

tween the starter“, valves I 6, 2|, and pressure 
switch 28, 33 are ‘protected by suitable insulators, 
not shown, in conduits 63. 
Hot wire L-i is in circuit, through a conductor 

69, with a movable contactor 30 in the timer unit 
65. This unit also contains a ?xed but adjustable 
contactor 8], in circuit with a'conductor 62, the 
latch-in , coil 63 of relay 66, conductor 64 and 
ground wire L—2. The ?xed and movable con'-" 
tactors are adapted to be momentarily contacted 
_by a timer mechanism 65 of any desired, known 
construction, which may be actuated manually‘ 
by a handle 66, or automatically by conductors 
61 controlled from any suitable device (not 
shown) such as an electric clock, a water ?ow 
meter, or a water turbidity meter for the clari?er 
I 0. A predetermined interval elapses between the 
moment when the movable contactor 60, under 
automatic control through conductors 61, starts 
from-the zero point 63, and the moment when it 
reaches the ?xed contactor 6| .- When a time 
.interval is used, this may be selected to cover, 
for instance, about 5 or 10 or 30 minutes, or 
sometimes many hours or even days, depending 
on the type of clari?er I 0, the size of pipes 15, 
20,‘ and other factors known to the art. The 
movable contactor 60 is adapted upon momentary 
contact at point 6| to quickly return towards 
the zero point 63, to reset itself at that point, 
and to promptly repeat its travel towards the 
?xed contactorv 6! again, in an inde?nite suc 
cession of ?ow timing cycles wherein it moves 
from 38 to 6| and quick resetting cycles wherein 
it moves from 6| to 63. This operation is ob 
tained by well-known means (not shown) in the 
mechanism 66. ' 

Each momentary contact between the ?xed-and 
, movable contactors 6|), 6| results in a momentary 
Starting circuit L-l, 59, 80, BI, 62, 63, 64, L-—2, 
energizing the latch-in coil 63 of relay 66. This - 

v coil, when momentarily energized, closes a single 
pole, single throw, double break, normally open 

The usual latch-in mechanism 

The hot wire L-V-I. is in 
circuit with conductor 13, leading to one terminal 
of switch 69. The other terminal or this switch is 
in circuit with the ~<_:onductor 1|, pilot pusher 

Hot wire L-l is in circuit with a conductor 13 
leading to one terminal or the pressure switch 
23, 33., The other terminal or this switch is in 
circuit with a conductor 14, time delay switch 16 
in relay 61, conductor 13, latch-out coil 11 of 
relay 53, conductor 13 and ground wire L-2. 
Thus, assuming that the time delay switch 16 
is closed, the closing of the pressure switch 23, 

7 closing circuit L-i, 13, 33, 
14, 16, 13, 11, 13, L-2, energizing the latch-out 
coil 11. This returns the switch 63 to its normal. 
open position, breaking the power circuit allow 
ing spring 63 to return' pilot 48 to its normal, 
raised position, and thereby closing valve l6. The _ 
.other valve 2| is simultaneously and similarly 
closed. 
The time delay-switch 13 in relay 61’ is con 

trolled by a conventional time delay device 13. 
~ Conductor 62 is‘ connected to a conductor 80, in 

- parallel with coil 63; and conductor 30 leads to 
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-‘ 13, 8|, L-2, _ 
(and opening the switch 16. ‘This switch is then 
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one terminal of the time delay device 19. Another 
terminal ‘oi’ this device is-in circuit with con 
ductor 8i leading to the ground wire L--2. The 
device. 13 is started by current ?owing through 
the wires 30, 8|, and is adapted to run after such 
a start, and finally to stop itself, after a prede 
termined time, by conventional means (not, 
shown). While running, this device holds the 
switch .15 Open; this being a single pole, single 
throw, double break, normally closed switch, in 
terposed between conductors 14 and 16. Mo 
mentary contact between the ?xed and movable 
timer contactors 60, 6| results in a momentary, 
secondary starting circuit L-l, 59, 30, 6|, 62, 80, 

starting the time delay device 13 

held open by the running of the time delay device. 
It is ?nally returned to its normal, closed position 
by the stopping of said device, which occurs after 
a predeterminedtime delay period, such as one 
minute, more or less; the selection of this time 
delay being a matter of choice, depending on the 
type or clari?er III, on the size of pipes i5, 20, 
and on the type and clogging characteristics 01' 
the sludge to be expected in ,the pipe i6. This 
time delay starts :at the moment of the starting 
contact 60, 6|. During this time delay. the pres 
sure switch 23, 39 is inoperative to complete a 
‘valve closing circuit. 

In operation, either one or both 01' the man 
’ .ual shut-oil’ valves i1, 22 are open. It will be 
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assumed that valve I1 is open. , As liquid is clari 
?ed in tank l0, sludge accumulates on bottom ‘I I, 
and is gradually scraped into the sump l4, ?lling 
this sump, as well as the pipe I 5 and the upstream 
side of the valve I6. This tends to raise the dia 
phragm 42 and to open the valve, but the valve 
is held closed by the air pressure in bonnet 44; 
the sludge removal being intermittent, for reasons 
known to the art. So long as valve I6 is closed 

-- in this manner, and no ?ow passes through the 
75 ori?ce 2!, spring 36 holds diaphragm 23 and .rod 
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3! in raised positionpand switch 3! is open; in this ' 
sense it is a normallyopen switch. . > , 

The operator may, at any time, open the valve 
It by giving the manual starter or timer handle 
86 a single, short turn, making contact at 80, 6|. 
whereupon the following occurs. Immediately 
‘upon this contact the starting and secondary 
starting circuits are made; the latch-in relay 
closes the power circuit; the time delay relay 
opens the valve closing circuit; and the power cir 
cuit lowers the ‘pilot valve member. Thereafter, 
the power circuit is maintained by the latch-in 
relay, and the valve closing circuit, normally 
closed at 15, is held open by the time-delay relay 
‘I9, while the timer 5! resets itself. The making 
of the power circuit, through the pilot valve sole 
noid, lowers the pilot valve member and allows 
the valve l8 to open itself; and the valve I6 is held 
open so long as the pilot is energized. Accord 
ingly, sludge starts and continues to flow by grav 
ity, through this valve, then through the open 
manual valve l1, pipe 23 and orifice 25 to waste 
at 24. 
The clari?er [0 generally is‘ so constructed and 

operated that a substantially uniform water level 
is maintained, regardless whether valve I6 is open_._ 
or closed. Thus the flow through the valve It. 
continues. ‘However, the nature of the material 
in this flow is subject to change, since the amount 
of settled, concentrated sludge'collected in the 
sump I4, is gradually exhausted. Thereafter, a 
considerably thinner material flows to waste 24,, 
consisting of liquid with relatively free sludge 
particles suspended therein. 

Sludge materials of different concentration 
have different viscoslties and therefore different 
coef?cients of friction and different ?ow veloci 
ties under uniform heads; It is known that liquid 
viscosities, as well as the other values mentioned, 
or more remote functions thereof. can be meas 
ured. However, it is much more difficult to meas 
ure the liquid viscosity, or fluid friction coe?lcient, 

- as such, than to measure functions thereof, espe 
cially the relatively remote, hydraulic functions 
of the viscosity, such as the velocity or pressure 
of the flow. 
In some clari?ers of the lime-soda softener 

type, the settled, concentrated sludge initially 
withdrawn may flow at a rate of about oneJ-half,. 

'50 more or- less, of the flow velocity exhibited by the 
water with suspended sludge particles, subse 
quently received. In a clari?er of the coagulator 
or ?occulator type, using alum or the like, the re 
spective velocities may vary as 1:15 in certain 
cases. In general, a considerable di?erence pre 
vails between the ?ow velocities before and after 
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exhaustion of the settled, concentrated sludge col- - 
lected in the sump. 
The fact that concentrated sludge flows so slow- ' 

ly is generally known, and generally considered 
as a disadvantage. In accordanceherewith, a 
de?nite advantage is derived from this very fact. 
Advantage is taken of the fact that it is relatively 
simple and inexpensive to measure the flow ve 
locity of the sludge, especially‘to measure it in 
directly by measuring a pressure differential in 
the flow, and thus to measure a relatively remote, 
hydraulic function of the sludge viscosity. 
The flow velocities of the sludge ‘material are 

indirectly measured by the differential respon 
sive device 29. The differentials, of'course; vary 
as the squares of the velocities. At times of "no 
?ow” through the ori?ce, the measuring dia 
phragm is fully raised by the spring. At times of 
“slow ?ow," or ‘initial flow of settled, concentrated 
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sludge, the spring pressure is opposed by a dif 
ferential pressure, but this differential is low. At 
times of "rapid ?ow,” upon substantial exhaus 
tion of the settled, concentrated sludge, the differ 
ential overcomes the spring pressure. Thus the 
pressure switch 29, 39 is open at “no ?ow” or 
“slow flow” but ‘closes and remains closed when 
a "rapid ?ow” occurs through the orifice. ' 
The closing of the pressure switch has no ef 

fect so long as the time delay switch remains 
open. This time delay is provided to insure a 
certain minimum withdrawal of sludge upon each 
contact 60, BI, and also to eliminate any prema 
ture energization of the latch-out coil by pres 
sure surges which may occur in the sludge ori?ce, 
causing vibrations of the pressure switch, upon 
the opening of the valve I6, especially due to 
sludge which may have partly clogged the pipe I5. 
Ordinarily, the time delay can be selected to be 
quite short as compared with the average period 
of flow of settled sludge. 
The latter period is variable, depending on the 

amount of water ?owing through the clari?er, the 
degree of hardness, turbidity or_the like to be 
removed, the type and proportion of chemicals 
used for this purpose, the amount of precipitates, 
if any, which fail to settle, and other variables. 
It is in view of these variables, which are not 
easily subjected to any other close control, that 
I provide the combination of the starter with the 
automatic pressure switch control, or equivalent, 
as herein described and claimed. 7 > 

After the predetermined time delay or min 
imum valve opening period has elapsed, but gen 
erally not immediately thereafter, the ,valve I6 
is closed. This is effected by the pressure switch, 
as described, and will generally happen a few 
'minutes after the ‘end of the time delay period. 
However, insome cases the flow of settled sludge 
may continue, and the valve l6 may remain 
open, for much longer periods. In still other, 
exceptional cases, the settled sludge may'be ex 
hausted during the time delay period, or there 
may be no settled sludge at all‘, and the valve it 
closes immediately after the time delay period. 
While the starting operation speci?cally de 

scribed above was manual, this, of course, can 
be effected automatically, through the conductors 
61. Regardless whether the sludge withdrawal 
is started manually, or in a de?nite time cycle, 
or the like, the sludge withdrawal is always ter 
minated in automatic response to the exhaustion 
of the concentrated sludge to be withdrawn, and 
the arrival of somewhat thinner sludge, prior to 
the withdrawal of any real‘ thin sludge or. 
supernatant. 
The automatic starting generally can be much 

more frequent than the manual starting, at equal 
cost. _A'timer device 55 can be selected for cycles 
adjustable between five and thirty minutes, for 

_, instance, as well as for the eight-hour or twelve 
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hour cycles which are usual for manual opera 
tions. A more frequent manual operation is ex 
pensive, but a more frequent timer operation is 
not. ' ~ - 

»Again, a longer sludge ‘?ow‘period ‘makes a ' 
manual control over the closing of the sludge 
valve more costly, while it adds nothing to the 
cost of an automatic control. 
‘Thus a fully manual system of control for 

sludge withdrawal periods, to be economical, 
tends to use sparse-but short withdrawal cycles, 
requiring large sludge sumps, pipes and valves; 
but automatically started and terminated periods 
are free from such limitations. Thus I can with 



success 
draw sludge from a clari?er in cycles to suit a 
subsequent; sludge digestor or the like, and make 
any clari?er plant particularly ?exible and 
adaptable; and in accordance herewith, this de 
sirable result is attained without any danger of _ 
accidental errors due to automatic withdrawals 
of excessive or insumcient amounts of sludge, 
during each of the withdrawal cycles. 
An important‘ advantage in' the automatic ter 

minating of the sludge withdrawal, in response 
to the ?ow velocity of the sludge material, lies in 

I the same pressure switch .33, as' in Fig. 2. The 

'10 

the simplicity and reliability of the devices used. . 
Flow velocity or di?erential pressure are charac 
teristic features which are measured or responded ' 
to without the need for relatively costly structures 
or operations. I do not wish to say that sludge 
?ow velocity is measured, or responded to, with 
out any di?iculties. It may be necessary, in some 
cases, to install conventional blow-back or clean 
out devices (not shown), and various other aids; 
all of these, however, are relatively cheap, simple, 
easy to operate and readily maintained ingood 
condition. - ' 

A further important advantage of this auto~ " 
matic terminating control is that it tends to im 
prove the operation of the clari?er It. All other 
control means for sludge withdrawal, not re 
sponsive to the density, viscosity, ?ow velocity or 
pressure of the sludge as withdrawn, are condu 
cive to occasional withdrawals of either excessive 
or insu?icient amounts oi.’ sludge, until such errors 
are discovered and manually corrected. Insu?l 
cient withdrawals, of course, will foul a clari?er 
quickly. Excessive withdrawals are wasteful. 
since they put an unnecessary load on the sludge 
dewatering devices which usually follow; and in 
cla'ri?ers using sludge ?ltration, excessive with 
drawals are likely to lead to poor operation,'or 
complete breakdown. Variable sludge with 
drawals, sometimes removing thin and sometimes 
‘concentrated sludge, may necessitate the use of 
auxiliary thickeners. All these disadvantages and 
complications are eliminated, by the automatic 
terminating control as proposed. 
Instead of the gravity flow of sludge as shown. 

a pressure ?ow under pump control is sometimes 
provided, mainly in connection with clari?ers dis 
charging sludge into remote or elevated digestors 
or the like. In this event the ?ow can be con 
trolled by the pump, instead of the valves l8, 
2l. The pumps used are sometimes of the con 
stant discharge type, minimizing or eliminating 
the velocity changes mentioned. This, however, 
does not mean that the principles hereof cannot 
be applied. A relatively remote, measurable func 
tion of the lower viscosity of the thinner sludge 
material, on exhaustion of the settled, concen 
trated sludge, can be measured again, and the 

_ pump controlled in accordance with the measure 
ment. . - . 

An ‘embodiment of the last mentioned type is 
shown in Fig. 3. Here the ?ow of sludge from 

15 

electric conductors ‘H and 12 lead from the timer 
llltothepumpmotorlilh ' - ‘ Y 

In the operation of the‘embodiment oili'lg. 3, 
the pump motor IOI is normally deenergized, and 
the pump Hill stops the out?ow of any viscous 
sludge from clari?er III to the remote point‘ 24. 
The timer 40 operates as previously described. 
After a predetermined. more or less arbitrary 
time interval, this timer causes electric current 
to ?ow through the conductors ‘ll, 12, energizing 
the pump motor IOI and thereby starting the 
pump, which then is kept running by the latch 
in relay in timer 40. In the beginning of the 
sludge ?ow, there may be some ?uctuations in 

, the pump discharge pressure; these are trans; 

20 

mitted into the actuator 29, and switch 38, but 
prevented from disturbing the timer 40 ‘by the 
time-delay relay ‘I5, as previously described. 
Aside from such initial pressure ?uctuations, there 
‘is a tendency for gradually increasing discharge 
pressures. A heavy. viscous sludge initially ar 
rives in said ?ow, which constitutes an appreci 
able load for the pump I00, so that the discharge . 
pressure in the actuator is relatively low; how 
ever this type of sludge is gradually exhausted 

" from the tank, and when a lighter and less vis 
cous sludge arrives, the load on the pump is re-, 
duced, and the discharge pressure accordingly 
is increased. As a result, the actuator diaphragm 
is lowered, the pressure switch closed, and the 
latchout circuit completed through the time de 
lay relay which in the meantime has closed. 
‘Thus the pump motor is deenergized, and the 
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sludge ?ow terminated, before any appreciable 
amount of light and dilute sludge is pumped out 
of- the tank. 
The pressure responsive device, ‘of course, is 

not necessarily an ori?ce and differential actu 
ator. The clari?er andpiping may be vastly dif 
ferent. Various other modi?cations can be ap 
plied. 

I claim: I 

1. Method of removing solid particles from a 
liquid, comprising the steps of continuously col 
lecting in a lower portion of a-tank a viscous but 
?uid sludge containing the solid particles to be 
removed; establishing-a ?ow of the sludge from 
said portion of the tank; measuring the viscosity 
of thesludge in said ?ow; and applying a control 
tending to terminate said ?ow in response to a 

_ predetermined reduction of the viscosity meas 

55 
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the clari?er I0, through pipe I5, is controlled by ’ 
the pump I00 driven by motor “II. The sludge 
propelled and discharged by the pump ?ows 
through the ori?ce 25 and then through a rela 
tively long pipe 23 before it reaches the remote 
point 24 of ?nal disposal. The discharge pres 
sure upstream of the ori?ce, is transmitted by 
the hydraulic lead 32 to the high pressure cham 
ber of the hydraulic actuator 23. This actuator 
is identical with that of Fig. 2, except that ithas 
instead of a low pressure connection 33, a vent 
I02 to the atmosphere, in communication with 
the low pressure chamber._ \The actuator carries 
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ured, whereby the amount of sludge removed from 
the tank by such ?ow is substantially propor 
tional to the amount of sludge collected in the 
tank, regardless of variations in the quantity and 
character 01' liquid treated and in the quantity 
and character of solid particles in such‘liquid. 

2. Method of removing solid particles from a 
liquid, comprising the steps of continuously col 
lecting in a portion of a tank a viscous but ?uid 
material containing the solid particles to be re 
moved;' establishing intermittent flows of such 
material from said portion of the tank; measur 
ing a pressure of each of'said ?ows; and termi 
nating each of said ?ows upon a predetermined 
increase of said pressure, whereby the amount 
of solid particles removed from the tank by'such 
intermittent flows is substantially proportional to 
the amount of solid particles collected in the 
ta . 

. 3. Method of removing solid-particles from a 
liquid, comprising the steps of settling a sludge 
containing such particles; removing ?ows of set 

, tied sludge from the liquid; measuring a diiier 
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ential pressure oi such flows; and terminating 
such ?o‘ws upon a predetermined increase‘ of said 
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